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SPECIFICATION 



Steroids and preparation 

5 This invention relates to novel 2a-cyano-3- oxo-steroids having a 4«,5a-epoxy group an ^ alkylated In the 
raniorSposition,tointermediatestherefor.to 

tions and methods for the use thereof as intercepts agents. _^ !atOE therefor as follows: 

U.S. Patent 3,296,255, discloses certain 2a-cyano-3- oxostero.ds and .ntermediates therefor astonows. 

(1) 2o-Cyano-3-oxosteroids: 

10 Example 1 6(b) 2a-^ano-4a,5a-epoxyandrostan-17p-ol-3-one 

Example 17(b) 2«-cyanc-4a.5«- «POXY-17«^thyny andros^n07^3^ne 

Example 18(b) 2a-cyano^a,5a- epoxy-17a-methyl androstan-17p-ol-3-one 

Example 34 2a-cyano-6a,17a- dimethyl-4-androsten- 17p-ol-3-one 

Example 55 2ct-cyano-4-methyl4- androsten-17p-ol-3-one 
15 Example 56 2a-cyano-4, 17ot-dimethyl-4- androsten-17p-ol-3-one 

(2) Intermediate isoxazoles: . 
Example 16(a) 17p-acetoxy-4a,5a- epoxyandrostano[2,3-d] 'soxazole 
Example 17 a) 4a;5a-17p- hydroxy-17a-methylandrostano- 2.3-d .soxazole 
Example 18 a 4t^5a-17p- hydroxy-17a-methylandrostano- [2^-d].soxazole 

20 Example 34 6«,17«-dimethyl-17p- hydroxy-4-androstano [2.3-d -.soxazole 
Example 55 4-methyl-17p-hydroxy- 4-androsteno[2,3-d]isoxazole 

Example 56 4.17a-dimethyM7p- hydroxy^and^^^^ gnd phgr . 

at an oral dose of 500 mg/kg. 
The present invention relates to compounds of the formula 

35 



itfc 1 

40 




....<£ 

45 

wherein: 

R is hydrogen or methyl; 

50 ethylenedioxy; 

R"' is hydrogen or methyl; 

or 3-enol lower-alkanoate esters thereof; m „th«i R»' is hvdroaen or 

with the proviso that when R is hydrogen, R'" is a-methyl; and when R Is methyl, R is hydrogen or 

55 decompounds of the invention are useful as intercepts agents; that is. they disrupt pregnancy when 
administered to pregnant female mammals, causing eliminafon of the fetus or fetuses. 
One can prepare a compound of Formula I from a compound of the formula 
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wherein R, R', R" and R 0 ' have the meanings given above by epoxidizing the 4,5-double bond with hyd- 
1 5>rogen peroxide or a peracid, and cleaving the isoxazole ring with a base to produce the cyanoketone, the 
reactions being carried out in either order. 
When the epoxidizing step is first, the compounds resulting from said step have the formula 



15 



20 



25 




■ III 



30 

The compounds of Formula III wherein: 

R, R" and R'" are as defined in Formula I, where R' is hydroxy, and also 4-methylandrosta- 2,4-dieno[2,3- 
d]- isoxazol-17-one, 4-methyl-3,17- dioxoandrost-4-ene- 2a-carbonitrile, 6ct-methylandrost-4~eno[2,3-d] 
isoxanol-17.135-ol, abd 4-methyl-17a-pregna- 2,4-dien-2Q-yno[2,3-d] isoxanol-17-ol, are novel. 
35 In compositions for disrupting pregnancy there is used an interceptively effective amount of a com- 
pound of Formula I incorporated in a pharmaceutical carrier suitable for oral administration. 

For disrupting pregnancy in a female mammal one administers orally to said mammal, subsequent to 
implantation of a fertilized ovum in said mammal, an interceptively effective amount of a compound of 
Formula I. 

40 The compound of Formula I is preferably administered in a daily dose of between 25 and 500 mg/kg of 
body weight for a period of between one and five days; and preferably at a time at least about 8 days after 
exposure to insemination. 

The compounds of the invention are prepared from a known class of steroid compounds having the 
formula 
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A compound of formula IV is caused to react with a Jower-alkyl formate in the presence of a base whereby 
a hydroxymethylene group (OHCH=) is introduced at the 2-position of the steroid nucleus. The resulting 

60 hydroxymethylene derivative is then interacted with hydroxylamine, preferably in acidic aqueous 60 
medium, to give a compound of formula II. 

The conversion of a compound of formula II to a compound of formula I requires the introduction of an 
epoxide at the 4,5-position and the cleavage of the isoxazole ring. The two reactions can be carried out in 
either sequence although it is preferred that the ring cleavage occur as the last step. The cleavage of the 

65 isoxazole ring to a cyanoketone is effected in basic medium at ambient temperature, preferably in an inert 65 
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solvent with a strong base such as sodium methoxkie or other alkali metal alkox.de or an. alkah metal 
hydroxide such as potassium hydroxide. The introducfon of the epox.de .s ^^^So L«x- 
unsaturated compound with a peroxide compound, for example, hydrogen perox.de. aWhydro perox 
ides such as t-butyl hydroperoxide; and peracids such as m-chloroperbenzoic acid, p-mtroperoenzoic 

5 acid, peracetic acid, perbenzoic acid, permaleic acid, perphthalic acid, and the like. 

The compounds of formula I where R' is lower-alkanoyloxy and the 3-enol lower^lkanoate esters are 
prepared by conventional esterification reactions as by treatoent wim the appropnate acid ha^ 
anhydride The enol esters are generally formed more read.ly and cleaved more read dytauta 17- 
esters, especially when R» is other than hydrogen. Therefore .the ester groups can be '";™ducedand 

10 removed selectively. The lower-alkanoyloxy groups preferably have from °" e ^ stx carbon atomMhus 
including such groups as formyloxy, acetoxy, propionyloxy, butyryloxy, .sobutyryloxy, hexanoyloxy, and 



^Wh^n R" in the compounds of formulas I, II orlll is lower-alkyl. lower-alkynyl or lower ;^ en V'-j he . 
groups can possessfrom one to three carbon atoms, thus including such groups as methyl, ethyl, propyl, ^ 
15 isoDroDVI, ethvnyl, 1-propynyl, 2-propynyl, vinyl, allyl and 1-propenyl. . 
EnSnotogica evaluation of the compounds of formuta I and certain spec.es of the ° 
foLlas II and ... has shown that they are usefu. in disrupting pregnancy '"jf™^ 
administration subsequent to conception. Interceptive activrty was eva uated in ^Spragu* 'Dawley Jemale 
rats as follows: vaginal smears were taken and readforthe presence of spermatozoa following overnight 
20 noting Th°7ay spermatozoa were found was designated as day one of pregnancy. The ; test, impound 20 
was administered orally in a single dose on day ten of pregnancy at varying dose levels in *J™*t 
arouos of rats On the fifteenth day after insemination, the rats were killed with an overdose of sodium 

bSand the uterine implantation sites were counted. Each 
being a developing fetus, a dead fetus or a resorption site. The m.n.mum effective dose in 1 00 /. of the ^ 

formula I incorporated in an inert pharmaceutical carrier. Said composite .s prepared by dissolving or 
suspend ng it in a pharmaceutically acceptable liquid vehicle, e.g. aqueous alcohol, glycol, cottonseed o.l 
sSnor 9 o -water emulsion, gum tragacanth suspension, or the like; or by 30 
30 dosace form as tablets or capsules either alone or in combination with conventional adjuvants, e.g. cal- 
Sm^Mh, lactose, talc, magnesium stearate, gum acacia, and the like. Illustrative capsule 
mix formulations are as follows: 



35 

Compound I (micronized) 
Starch 

40 

Lactose 
Talc 

45 Magnesium stearate 
Net Weight 

50 



mg/capsule 


mg/capsule 


100 


200 


62 


76.6 


62 


76.6 


5 


5 


1 


1.8 


230 


360 



The following examples will further illustrate the invention. 

Example 1 



a) 17B-Hvdroxv-17-methyl- 4-{phenylthiomethyl) androst-4-en-3-one ...... 

A mixture of^04 g. (3 m ) of 17a-hydroxy-17- methyl-androst-4- en-3-one. 650 ml (6.3 m.) o/ *.ophenol, 
55 56^m.o?i%forma.dehyde,680m..oftriethylamineand1.71.ofab^ 

for 55 hours and then cooled to room temperature. The light brown solu .on was quenched m 16 I . of 0.5N 
aqueous potassium hydroxide and stirred for 20 minutes until a uniformly 

beenformed. The productwas collected by filtration using coarse filterpaper and the a ^^. w ^ shed 
washed with 5 x 1 5 1. of water. The solid was slurried in 4 1 . of water, separated on a ^1 and < gashed 

60 again thoroughly with water until the filtrate was neutral. In order to 'educe the odor 

filter cake was washed 5 times with 100 ml. of n-hexane .and then it was idned at40 C J^J'J, 
zation of the crude material from 6.5 1. of absolute alcohol, washing with alcoho ancT drying at 30-50 i c in 
"cuoytelded three crops of product, 762 g. (m.p. 133-138»C>, 141 g. (m.p. 12 -12FC > anc 41 fl^m.p. 
123-130'C). The purity of the second and third crops was identical with that of the first crop by TLC 

65 analysis. Therefore, all crops were combined for a total yield of 979 g. (75%) of 1 7 P -hydroxy-17- methyl-4- 
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(phenyl-thiomethyl) androst-4-en-3-one. 

b) 17fi-Hydroxy-4,17- dimethylandrost- 4-en-3-one 

Into a 22 1 . 3-necked flask equipped with an efficient stirrer, nitrogen inlet tube r dropping funnel and a 
condenser was placed 1.8 1. of Raney nickel-water sludge (W. Grace Co., No. 42000). A slow stream of 
5 nitrogen was applied and the catalyst was washed thoroughly with 3x41. of water followed by 4 x 4 1 . 5 
of acetone. After the last acetone wash, the catalyst was suspended in 9 1 . of fresh acetone and a warm 
solution (about 40°C.) of 520 g. of 17p-hydroxy-17- methyl-4-(phenylthio m ethyl )-androst- 4~en-3-one in 3 
1. of acetone was added from a dropping funnel with good stirring over a 10 minute period. The tempera- 
ture was brought to reflux cautiously and gentle refluxing was continued for 5 hours. Stirring with no heat 

10 was maintained overnight and then the Raney nickel was allowed to settle for about 2 hours. The super- 10 m 

natant liquid was removed by suction and the catalyst was washed 4 times with 4 1. of acetone. The 
combined main portion and the washes were filtered through a filter aid and concentrated to a total 
volume of about 1 liter. The resulting thick slurry was cooled, filtered and the filter cake was washed with 
2 x 50 ml. of cold acetone and then with 3 x 200 mi. of n-hexane. After drying the product at 60°C. in 

15 vacuo it weighed 316 g. and melted at 141-144°C, an 82% yield of 17p-hydroxy-4,17- dimethylandrost- 15 
4-en-3-one. 

c) 17p-Hydroxy-2- hydroxymethylene-4,17- dimethylandrost- 4-en-3-one 

A clear solution of 620 g. (1.95 m.) of 17p-hydroxy-4,17- dimethylandrost 4-en-3-one in 5.5 1. of dry 
tetrahydrofuran and 1 2 ml. of methanol was stirred at room temperature under nitrogen and 280 g. (5 m.) 

20 of sodium methoxide was added all at once. As soon as a uniform suspension had been formed, 610 ml. 20 
(10 m.) of methyl formate was introduced from a dropping funnel over a period of 1.5 hours. The tempera- 
ture was maintained at 20-25°C. by intermittent cooling. Stirring was then continued for an additional 20 
hours. The reddish brown mixture was diluted with 720 ml. of distilled water and concentrated in vacuo to 
about 2.5 1 . volume. The residue was dissolved in 4.5 1 . of water, charcoaled, filtered through a layer of 

25 filter aid and placed in a 12 1. battery jar surrounded by an ice bath. The mixture was cooled to 8°C. and 25 
800 ml. of 6N HC1 was added dropwise with efficient stirring until the pH was lowered to about 3. The 
acidification was completed in 2.5 hours, the resulting thick suspension was stirred at 5°C. for an addition- 
al 1.5 hours and then it was filtered. Thorough washing with water (4 x 100 ml.) and drying at 60°C. in 
vacuo yielded 641 g. (98%) of 17p-hydroxy-2- hydroxymethylene- 4,17-dimethylandrost- 4-en-3-one as a 

30 light yellow product, m.p. 182-188°C. 30 

d) 4,17-Dimethylandrosta- 2,4-dieno[2,3-d] isoxazol-17p-ol [II; R and R" are CH 3 , R' is OH, R'" is H] 

A mixture of 746 g. (2.17 m.) of 17p-hydroxy-2-hydroxy- methylene-4,17- dimethylandrost-4-en-3-one 
and 6.5 1 . of glacial acetic acid was stirred vigorously and a solution containing 1 65 g. (2.4 m.) of hydroxy- 
lamine hydrochloride and 335 g. (2.46 m.) of sodium acetate trihydrate in 1 1 . of water was added all at 

35 once. Stirring at room temperature was contined for a period of 6 hours. A total of 4.5 1. of water was 35 
added over a period of about 15 minutes to the resulting suspension, the mixture stirred for an additional 
1 5 minutes and the solid material was filtered off. The solid was washed with water (4 x 250 ml.) and 
n-hexane(1 x 250 ml.) and dried at 50°C. in vacuo overnight to yield 695 g. of crude product melting at 
170-178°C. The entire batch was recrystallized by dissolving it in 7 1. of absolute alcohol and 250 nil. of 

40 methanol and then by chilling to 5°C. A second crop was obtained from approximately 3.5 1 . of volume. 40 
The filter cakes were washed with cold alcohol followed by n-hexane and dried at 50°C. in vacuo to give 
430 g. of first crop material, m.p. 189-192°C. and 107 g. of second crop material, m.p. 189-192°C. The 
mother liquor was concentrated in vacuo and two more crops were isolated: 66 g., m.p. 183-185°C. and 41 
g., m.p. 167-177°C. They were recrystallized from 700 ml. of isopropyl acetate, filtered and dried at 50°C. in 

45 vacuo to give an additional 64 g. of good material, m.p. 190-194°C. which was combined with the first two 
crops for a total of 607 g. (82%) of 4,17-dimethylandrosta- 2,4-dieno[2,3-d) isoxazol-17p-oi. 

e) 4a,5a-Epoxy-4,17- dimethylandrost- 2-eno[2,3-d]isoxazol- 17p-ol [III; R and R" are CH 3 , R' is OH, R'" is H] 
537 g. (1.57 m.) of 4,17-dimethylandrosta- 2,4-dieno-[2,3-d]isoxazoM7p-ol was dissolved in 4 1. of 

methylene dichloride and the solution was decolorized with charcoal. The filtrate was placed in a 22 1. 

50 3-necked flask, diluted with an additional 3 1. of methylene dichloride and cooled to 3°C. Over a period of 50 
40 minutes 275 g. (1.75 m.) of 80% m-chloroperbenzoic acid was added portionwise with efficient stirring 
while the temperature was maintained below 5°C. The mixture was stirred in an ice bath for 6 hours and 
then overnight at room temperature. The mixture was cooled to 5°C. and the excess m-chloroperbenzoic 
acid was decomposed by adding aqueous sodium sulfite solution (50 g. of Na 3 S0 3 in 2 1. of water). The 

55 two phase mixturewas stirred for five minutes, filtered in order to remove the solid m-chlorobenzoic acid, 55 
and the filter cake was washed with 500 ml. of methylene dichloride. The combined filtrates were treated 
with sodium bicarbonate solution until neutral. The organic layer was washed with 2 1. of water followed 
by 2 1 . of brine. The combined aqueous layers were reextracted once with 1 1 . of methylene dichloride 
and the extract was combined with the main organic portion. The solution was dried over anhydrous 

60 sodium sulfate, decolorized with charcoal, concentrated to a total volume of 3 1. and cooled to 10°C. The 60 
product was filtered, washed with cold isopropyl alcohol (2 x 50 ml.) and n-hexane (3 x 100 ml.), and then 
it was dried at 60°C. in vacuo to give 331 g. (crop A), m.p. 221-224°C. 
From the filtrate three additional crops were isolated by concentration and cooling: 
B. 98 g., m.p. 215-217°C. 

65 c. 1 6 g., m.p. 187-192°C. 65 
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Crop B was crystallized from 330 ml. of dimethylformamide to yield 94 g. of g°° d ( T ate " i a, « m £ r ^Lon 
239-C (crop E). Crops C and D were added to the filtrate and the mixture was heated until a clear solution 
resulted. By c^oTing'the solution an additional 23 g. of the product (m.p. 225-233X.) w* » recovered and 
5 combined with crops A and E for a total yield of 448 g. (80%) of 4a.5a-epoxy-4.17- d'^ylandrort- 
2-enot2,3-d]isoxazol-17B-ol. A sample of the compound when recrystallized from , a ^^[^TL 
ethanol mixture was obtained in the form of colorless matted needles, m.p. 244-252 C, [a]6 - +67.7 

10 °l a"i2 S 1. H lnecked flask were placed 7 1. of dry tetrahydrofuran ,and^ 425 g. n^+ffi*^ 7 - 
dimethylandrost- 2-eno[2.3-d) isoxazol-17^1. The mixture was stirred vigorously and 128 g (2 4 m K>f 
sodium methoxide was added portionwise under a continuous stream of nitrogen. Stirring of the mixture 
Sroom temSure was continued for an additional 2 hours, and the suspension was then quenched in 

IsSToTcolZaterTn^ 

20C lmLo?water slurried in61.ofwater.filtered, washed with3x100mt. of ^^J^^ierc 
ufl run forthree davs. The resulting product which still contained some water and melted at 166-167 c. 
w^potd^ 

Sm e *yl-3-oxoandrostane-2a-carbonitrilewasobtained;m.p • 172 - 174 ^" ^^^^^0 
20 when recrystallized from hot dimethylformamide by addition of water and dned at 80 C. had the m.p. 

i r 5 aEp^ 
astsuTpe^ 

as I SS««m * si "9 |e dose of 48 m9/k9: MEDwo = 48 mg/kg - ? was T TT SEtST 

25?owerS 
'^Ta-Epo^ 

approximately day 26 of pregnancy. 
K Example 2 

4a 5*-Epoxy-3,W-dihYdroxy-4,17- dimethylandrost-2- ene-2-carbonitrile 3-acetate and 4a,5a-epoxy- 

oc o i 7f t m Hihvdroxv-4 77- dimethylandrost- 2-ene-2-carbonitrile 3, 17-diacetate 
A mix!S?2o1g (0^ 
bonlrile (Example 1 part f), 20 ml. of acetic anhydride and 25 ml. of pyridine was kept at room tempera- 
ture ^ mixture was concentrated in vacuo to remove vo.ati.es residue 
chromatographed on a 300 g. column of silica gel made up in pentane. The material w» p f ed °" * n ° 

40 co umn wfth benzene and eluted successively with the following solvent series: 100% pe "tane 2.5% ether 
taoentane 10% ether in pentane. 10% ether and 10% methylene dichloride in pentane, 15% ether and 
wES^SKm in peniane. 20% ether and 10% methylene dichloride in pentane. 25% ether and 
10% methylene dichloride in pentane, 100% ether, and 100% acetone. 
The mS brought out by 1 00% ether was rec 

45 e P rx^377p dihyd?oxy-4,17- dimethylandrost- 2 -ene-2-carbonitrile3-acetate as fine colorless needles, 

* m n ?07-209°C • fall 5 = +57.7° (1% in chloroform). _ _ v - m 

fte ?emaini^g' Serial eluted from the chromatogram was reacetylated with acetic anhydr.de mj, pyri- 
dine heating the mixture on a steam bath. The product isolated therefrom ™*?^* n ™^°™™*™ 
' slurried with ether, methylene dichloride-acetonitrile, isopropy. alcohol and dimethylformamide, and 
SotaCCstaSmdi^ 

2-ene-2-carbonitrile 3,17-diacetate as colorless needles, m.p. 261-264°C; [a)§ = +58.6 (1 k in chlor 

° f Sfurther contemplated that under mild alkaline conditions, e.g. with alkali metal carbonate at 
ambfent temperatures, the 3,17-diacetate can be selectively hydrolyzed to give 4a,5a-epoxy-173-hydroxy- 
55 4,17-dimethyl- 3-oxoandrostane-2a- carbonitrile 17-acetate. 

Example 3 

hydrox^me!hylandrost.4-en-3-on 

ExamSeT, part (c) excep that sodium hydride (1 5 g.. 50%> was used in place of sod.um methox.de. The 20 
fin n nf nroduct obtained was used directly in the next reaction. 

60 % *J3££^^ "I** » R is CH *< R ' \ 0H ' «"™ d ""i :^w7a a mine P 

from20g.of2-hydroxym^^ 

hXchloride and 5 g of sodium acetate in ethanol according to the procedure of Example 1, part (d), and 
obtained in 73% yield, m.p. 176-179°. when recrystallized from ethyl acetate. 
65 c) 4a,5a-Epoxy-4~methytandrost-2-enol2J^^ ls0H ' R andR * reH J was 
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prepared from 32.75 g. of 4-methyiandrosta- 2,4-dieno[2,3-d]isoxazol- 170-ol and 21 g. of 85% m- 
chloroperbenzoic acid in 500 ml. of methylene dichloride according to the procedure of Example 1, part 
<e), and there was obtained 13.91 g. of product, m.p. 220-226°C recrystallized from an ethyl acetate— 
ethanol mixture; [a]! 5 = +92.5° (1% in chloroform). 
5 4a,5a-Epoxy-4- methyl androst-2-eno[2,3-d]isoxazo I- 17p-ol was found to have MEDta = 500 mg/kg 5 
when tested in rats for interceptive activity by oral administration at day 10 of pregnancy, 
d) 4a,5a-Epoxy-17p- hydroxy-4-methyl- 3-oxoandrostane-2a- carbonitrile [I; R is CHa, R' is OH, R" and R 1 " 
are HJ was prepared from 1 1 .0 g. of 4a,5a-epoxy-4- methylandrost-2-eno[2,3-d]isoxazol- 170-ol and 2.26 g. 
of sodium methoxide according to the procedure of Example 1, part (f), and there was obtained 1 0.62 g. of 

10 product, m.p. 192-193°C. when recrystallized first from an ethyl acetate— acetone mixture and then from 10 
an ethanol— ethyl acetate mixture; [ot]§ 5 = -13.4° (1% in chloroform). 

4a,5ct-Epoxy-17£- hydroxy4-methyl-3- oxoandrostane-2a- carbonitrile when administered orally to rats 
at day ten of pregnancy was completely effective as an interceptive agent at a single dose of 1 25 mg/kg 
(MEDtoo). It was five times as active as its lower homolog,4a,5a-epoxy-17p- hydroxy-3-oxoandrostane- 

15 20-carbonitrile which had MED™ « 500 mg/kg. 15 

Example 4 

a) 4-Methylandrosta-2,4- dieno[2,3-d]isoxazof- 17-one [II; R is CHa, R' and R" together are O, R"' is H] 
To a stirred suspension of 52.0 g. of pyridinium chlorochromate in 1000 ml. of methylene dichloride was 

added a solution of 61 .2 g. of 4-methylandrosta- 2,4-dieno[2,3-d]isoxazol- 1 7p-ol (Example 3b) in 1 000 ml. 

20 of methylene dichloride. The reaction mixture was stirred for three hours at room temperature, an addi- 20 
tional 25.0 g. of pyridinium chlorochromate then added, and the mixture stirred for about 1 6 hours longer. 
The resulting suspension was filtered through an alumina pad, and the filtrate was washed with 2N 
hydrochloric acid, water and dilute aqueous sodium bicarbonate. The organic layer was dried over anhyd- 
rous magnesium sulfate, filtered and the filtrate concentrated until crystalline material separated. The 

25 product was obtained in four crops totaling 51 .2 g. The fractions with the least amount of polar impurities, 25 
as determined by thin layer chromatography, were recrystallized from acetic acid to give 1 1 .9 g. of 4- 
methylandrosta- 2,4-dieno[2,3-dl isoxazol-17-one, pale yellow powder, m.p. 236-238°C. 

b) 4a,5a-Epoxy- 4-methy!androst-2'eno [2,3-d]isoxazol-17-one 

[III; R is CHa, R' and R" together are O, R"' is H] was prepared from 17.35 g. of 4-methylandrosta- 2,4- 
30 dieno[2,3-d]isoxazol-17-one and 12.5 g. of m-chloroperbenzoic acid in 500 ml. of methylene dichloride 30 
according to the procedure of Example 1 , part (e), and there was obtained 7 g. of product, m.p. 249- 
251°C; [ojS 3 - +135° (1% in chloroform). 

4a,5a-Epoxy- methylandrost-2-eno[2,3-d]isoxazol-17-one when administered orally to rats at day ten of 
pregnancy was partially effective as an interceptive agent at a single dose of 500 mg/kg. 

35 c) 4a r 5a-Epoxy- 4~methyl-3,17- dioxandrostane-2a- carbonitrile 35 
[I; R is CHa, R' and R" together are O, R"' is H] was prepared from 15.3 g. of 4<x,5a-epoxy-4- methylandrost- 
2-eno [2,3-d]isoxazol-17-one and 4.4 g. of sodium methoxide according to the procedure of Example 1, 
part (f), and there was obtained 8.5 g. of product, m.p. 235-237°C. when recrystallized from acetonitrile; 
[ a ]§s = +41.0° (1% in chloroform). 

40 4a,5a-Epoxy- 4-methyl-3,17- dioxoandrostane-2a- carbonitrile when administered orally to rats at day 40 
ten of pregnancy was partially effective as an interceptive agent at a single dose of 500 mg/kg. 

Example 5 

4-Methyl-3-,17- dioxoandrost-4-ene-2a- carbonitrile was prepared from 25.5 g. of 4-methylandrosta- 2,4- 
dieno [2,3-d]isoxazol-17-one (Example 4, part a) and 7.55 g. of sodium methoxide according to the proce- 

45 dure of Example 1 , part (f ), and there was obtained 1 1 .5 g. of product, m.p. 202-205°C. when recrystallized 45 
from acetonitrile; [<x]§ 5 = +210° (1% in chloroform). 

By treating 4-methyl-3,17- dioxoandrost-4-ene-2a- carbonitrile with m-chloroperbenzoic acid in accord- 
ance with the procedure of Example 1 , part (e), it is contemplated that 4a,5a-epoxy-4- methyl-3,17- 
dioxoandrostane-2a- carbonitrile, the compound of Example 4(c), will be obtained. ' 

50 Example 6 50 

a) 4Methyl-17, 17- (1,2-ethylenedioxy) androsta-2,4-dieno [2,3~d]-isoxazole [II; R is CHa, R' and R" 
together are -OCH2CH2O-, R"' is H] 

A mixture of 39.2 g. of 4-methylandrosta- 2,4-dieno- [2,3-d]isoxazol- 17-one (Example 4, part a), 150 ml. 
of ethylene glycol and 1 .5 g. of p-toluenesulfonic acid in 800 ml. of benzene was heated at reflux under a 

55 water separator for about 24 hours. The reaction mixture was concentrated to remove the solvent, and the 55 
residue was taken up in a mixture of ether and methylene dichloride and washed with dilute sodium 
hydroxide solution. The organic layer was dried over anhydrous magnesium sulfate, filtered and concen- 
trated to dryness. The residue was crystallized from ethanol containing a few drops of pyridine to give 
30.16 g. of 4-methyl-17,17- (1,2-ethylenedioxy) androsta-2,4- dieno[2,3-d]- isoxazole, m.p. 173-175°C. 

60 b) 4a,5a-Epoxy-4-methyl-17,17-(1,2-ethy!enedioxy)androst-2-eno-[2,3-d]isox^^ R' and 60 

R" together are -OCH2CH2O-, R"' is H) was prepared from 28.82 g. of 4-methy 1-1 7,1 7- (1,2-ethylenedioxy) 
androsta-2,4- dieno[2,3-d]isoxazole and 16.3 g. of m-chloroperbenzoic acid in 500 ml. of methylene dich- 
loride containing 1 ml. of pyridine, according to the proceure of Example 1 , part (e), and there was 
obtained 25.90 g. of product, m.p. 205-21 1°C. 

65 c)4at,5a-Epoxy- 4-methyl-17,17-(1,2- ethylenedioxy)-3- oxo-2a-carbonitrile [I; R is CHa, R' and R" together 65 
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are -OCH,CH,0-, R" is HJ was prepared from 25.9 g. of 4« 5« : epoxy-4-methyl-^ ^ ASSESS! 1. 

mS^XS^^ completed effective as an intercepts agent at a smgle dose of 250 
mg/kg (MEDwo). 

a, 2-H^xy^Wene- ^x^^ 

15 0.75 g. of hydroxvlamine hydrochloride, 1.3 g. of sodium acetate anc &u rni. OT recrystal- 
hour at loot There was obtained 1 .5 g. of product, pale yeHow crystals m.p. 238-2* C when recrys 
lized from an ethanol-methylene dichloride mixUire. [*W 1 A m 

?H-CH was prepared from 25 g. of 4«,5a-epoxy- ^hy'-^^P^^i- 6 "- 2 ^" 0 ^ an ^ 

acetone-*™ acedia mlxee,; [«F - -83.0- e ^"?™ , ^ b0 „ lt(lte wnen ^hw«l orally 

30 mg/kg (MED.»). Examples 

4a5a-E P ox Y .17.hYdro^-methYl-3-oxo-^7a-pregn.20.ene.2^ 

»r,n^^^^^^^ 

40 <*o-17«- pragn-ao-en.*,,. ■^•'"Sj ^SE^Ui rt£S«b can be pre- 
paSolto^ 

(MED 10 o). Example 9 

. 4a,5a-£poxK- , 7 - nK d ro xy^methy/- 3 -oxo-f 7 a-pregn a ne-2 a -c a rbonftr// e ll; R is CH, R' is OH, R» is 

CHiCH., R'" is H] u„j mw a. mf»thvl-3-oxo-17a- pregn-20-yne-2a- carbonitrile 

50 To a solution of 5.5 g. of 4a,5<*-epoxy- 17-hydrc ^£ ™rthyl »^^J 1I J OM i bon ca talyst and 
(Example 7d) in 250 ml. of tetrahydrofuran ^^^^^^^ reduce tne ethynyl 
the mixture was hydrogenated until the amount of 

group to an ethyl group (about 16 hours) was abso ^^^^Sylformamlde to give 4.15 g. of 
concentrated to dryness and the rescue ^^^^ZiZTS^0-2^ A sample when 
55 ^.S^poxy-U-hydroxy^-methy^ = +y? 8 . (1% jn pyrid ine). 

recrystal.ized from aqueous tetra"ydro1Jran had he W can be prepared 

froTi»~ 

mg/kg (MEDwo). £ fe 7a 
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terone and carrying out the subsequent transformations of Examples 7, parts (aMd), 8 and 9, it is contem- 
plated that there can be prepared: 

4a,5a-Epoxy- 17p-hydroxy-4- methyl-17- (1-propynyl)-3- oxoandrostane- 2a-carbonitrile [I; R is CH 3 , R' 
is OH, R" is OH, R" is C^CCHa, H" is H]; 
5 4a,5a-Epoxy- 17p-hydroxy-4- methyl-17-(1-propenyl)-3-oxoandrostane-2a-carbonitrile [I; R is CH 3 , R' is 5 
OH, R" is CH=CHCH 3 , R 1 " is H]; and 

4a,5a-Epoxy- 17p-hydroxy-17-propyl-4- methyl-3-oxoandrostane- 2a-carbonitrile [I; R is CHa, R' is OH, 
R w is CHiCHiCHa, R"' is H] 

Example 11 

10 By replacing the 17-hydroxy-4-methyl-17a-pregn-4-en-20-yn-3-one (4-methyM7-ethynyltestosterone) 10 
starting materia! in Example 7, part (a) by a molar equivalent amount of 4-methyl-17- (2-propynyl) 
testosterone and carrying out the subsequent transformations of Examples 7, parts (a)-(d), and 8, it is 
contemplated that there can be prepared: 

4ct,5a-Epoxy- 170-hydroxy-4-methyl- 17-{2^propynyl)- 3-oxoandrostane-2a- carbonitrile B; R is CHs, R' is 
15 OH, R" is CH 2 C=CH, R"' is H]; and 15 
4a,5a-Epoxy- 17p-hydroxy-17- allyl-4-methyl-3-oxoandrostane-2a- carbonitrile [I; R is CHs, R' is OH, R" 
is CHzCH=CH 2 , R"' is H]. 

The latter compound can also be prepared from 17a-allylandrost-4- en-17-ol-3-one (17-allyltestosterone) 
following the synthetic sequence of Example 1. 
20 Example 12 20 

a) 17p-Hydroxy-2- hydroxymethylene- 6<x-methylandrost-4- en-3-one was prepared from 286 g. of 17p- 
hydroxy-6a- methylandrost-4- en-3-one (6a-methyl testosterone), 41- ml. of methyl formate, 140 g. of 
sodium methoxide, 40 ml. of methanol and 3 1 . of tetrahydrofuran according to the procedure of Example 
1 , part (c). The total product, obtained nearly quantitative yield as an amber glass was used directly In the 

25 next reaction. 25 

b) 6a-Methylandrosta- 2,4-dieno [2,3-d]isoxazol- 170-ol [II; R and R' are H, R" is OH, R"' is a-CH 3 ] was 
prepared from 312 g. of 17p-hydroxy-2-hydroxy methylene-6a- methylandrost-4- en-3-one, 75 g. of hyd- 
roxylamine hydrochloride, 1 35 g. of sodium acetate trihydrate and 3 1 . of glacial acetic acid according to 
the procedure of Example 1 , part (d), and there was obtained 181 g. of product, m.p. 180-183°C. when 

30 crystallized from isopropyl alcohol. A sample when recrystaliized from ispropyl acetate had the m.p. 30 
188-190°C. 

c) 4a t 5a-Epoxy- 6a-methylandrost- 2-eno[2,3-d]isoxazol- 170-ol [III; R and R' are H, R" is OH, R"' is a-CHa] 
was prepared from 181 g. of 6a-methylandrosta- 2,4-dieno [2,3-d]isoxazol- 17p-ol and 128 g. of m- 
chloroperbenzoic acid in 2.5 1 . of methylene dichloride according to the procedure of Example 1 , part (e), 

35 and there was obtained 1 27 g. of product, m.p. 212-214°C. when slurried with isopropyl acetate. A sample 35 
when recrystaliized from ethyl acetate had the m.p. 220&222°C. 

4ot,5a-Epoxy- 6a-methylandrost- 2-eno [2,3-d]isoxazol- 1 7£-ol when administered orally to rats at day 
ten of pregnancy showed activity as an interceptive agent at a single dose of 500 mg/kg. 

d) 4a,5a-Epoxy- 17p-hydroxy-6a- methyl-3-oxo androstane-2a- carbonitrile [I; R and R' are H, R" is OH, R"' 

40 is a-CHJ 40 
A solution of 44 g. of 85% potassium hydroxide in 950 ml. of water was cooled to room temperature and 
a suspension of 127 g. of 4a,5a-epoxy-6a- methylandrost-3-eno [2,3-d]isoxazol-17p-ol in 1 1 . of tetrahy- 
drofuran was added and rinsed in with 300 ml. of tetrahydrofuran. The reaction mixture was stirred for 
about 16 hours and allowed to stand for three days at room temperature. The reaction mixture was 

45 filtered and slowly poured into an ice bath-cooled mixture of 250 ml. of concentrated hydrochloric acid 45 - 
and 3 1 . of water. The product which separated and crystallized upon stirring was collected, washed with 
water and dissolved in hot dimethylformamide. The latter solution was filtered, diluted nearly to cloudi- 
ness with warm water and cooled in an ice bath. The solid product which separated was collected and ^ 
dried in vacuo at 55°C. to give 88 g. of 4a,5a-epoxy-1 70-hydroxy- 6a-methy l-3-oxoandrostane-2a- carbo- 

50 nitrile, m.p. 24S~249°C. 50 
4a,5a-Epoxy- 17p-hydroxy-6a- methyl-3-oxoandrostane-2a-carbonitrile when administered orally to 
rats at day ten of pregnancy was completely effective as an interceptive agent at a single dose of 10 mg/kg 
(MEDtoo), and is fifty times as active as the lower homolog, 4a,5a-epoxy-17p- hydroxy-3- oxoandrostane- 
2a-carbonitrile (MEDioo = 500 mg?kg). 

55 By replacing the 17p-hydroxy-6a- methylandrost-4-en- 3-one starting material in Example 12, part (a) by 55 
a molar equivalent amount of 17p-hydroxy-6a, 17-dimethylandrost-4-en-3-oneand carrying out the trans- 
formations of Example 12, parts (aMd),4a,5ct-epoxy-17p- hydroxy-6a-,17-dimethyl-3-oxoandrostane- 
2a-carbonitrile [I; R is H, R' is CH 3 , R" is OH, R w ' is CHs], m.p. 247-255°., was prepared. 

Example 13 

60 a) 17p-Hydroxy-2- hydroxymethylene- 4,6p-dimethylandrost- 4-en-3-one was prepared from 28.1 g. of 60 
17p-hydroxy-4,6p- dimethylandrost- 4-en-3-one [Burn et al.. Tetrahedron 19, 1762 (1963)], 24.9 g. of 
methyl formate and 1 1 .4 g. of sodium methoxide according to the procedure of Example 1 , part (c), and 
there was obtained 24.8 g. of solid product used directly in the next reaction. 

b) 4,6p-Dimethylandrosta- 2,4-dienol2,3-d] isoxazol-17p-ol (II; R is CH. R' is OH, R" is H, R"' is p-CH 3 ] was 
65 prepared from 20.8 g. of 17p-hydroxy-2- hydroxy methylene- 4,6p-dimethyl androsta-4-en- 3-one, 4.4 g. of 65 
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hvdroxvlamine hydrochloride, 8.2 g. of sodium acetate trihydrate and 250 ml. of acetic acid according* 
Sf^^rfSS* 1. Part Id), and there was obtained 19.9 g of product as a coioriess so. d. 

c) 4a Sa-Epoxy- 4,6B-di™ethylandrost- 2-eno(2^dlisoxazol- 1 7&I (III; R.sCHa,R «sOH R isH,F I is 
£c£l wal 'peered from 23.2 g. of 4,6p-dimethyl ariarosta-2.4-dieno[2,3-d] isoxazol-^l I and 15.8 g of 

5 m-chloroperbenzoic acid in 320 ml. of methylene dichloride according to the procedure of Example 1 , part 
Z)Tbe [crude product was chromatography by Water's LC#500 high pressure l.qu.d chromatography 
procedure and eluted with n-hexane containing increasing amounts of ethyl acetate to give 17.4 g. or 
epoxidized product, used directly in the next reaction. t,.ni.ru R'isOHR'is 

d) 4a.5a-Epoxy- 17B-hydroxy4,66- dimethyl^ oxo a nrfr 0 sten e -2«- «rbon,m/e [I ; * * c »f 3™*.'* 
10 H, R" is p-CH,] was prepared from 17.4 g. of 4a.5a-epoxy-4,6p- d.methylandrost- ^^^^ ol 

' 17B-OI and 7.88 g. of sodium methoxide in 400 ml. of tetrahydrofuran according to the P^ediireof 
ExSmpte 1. part (f), and there was obtained 15.4 g. of product m.p. 231-232X. when recrystall.zed from 
aqueous dimethylformamide; = -70.5° (1 in chloroform). ^ministered orallv 

4a 5«-Epoxy- 17p-hydroxy-4,6p- dimethyl-3- oxoandrostane-2a- carbonitnle when administered orally 

^toTaS^ 

^eSgihe 17p-hydroxy-4,6p- dimethylandrost-4- en-3-one starting material in Example 13 part 
(a) by rmolar equivalent amount of 17p-hydroxy-4, 6p-17-trimethylandrost-4- en-3-one (Bu rr . et at., loc 
Si) and^S outthe transformations of Example 13. parts (aMd^ 
20 epoxW hydroxy-4,6p, 17-trimethyl-3- oxoandrostane-2a- carbonitrile [I; R and R" are CH„ R is OH, R 
is p-CFU] can be prepared. 
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25 1. A compound having the Formula I (herein), wherein: 
R is hydrogen or methyl; 

ethylenedioxy; 30 
30 R" is hydrogen or methyl; 

or a 3-enol lower-alkanoate ester of said compound of Formula I, 
with the proviso that when R is hydrogen, R'" is a-methyl; and 

when R is methyl, R'" is hydrogen or p-methyl. hvdroaen 

2. A compound according to claim 1 , wherein R is methyl, R' is hydroxy and R is hydrogen. 
35 3. 4o.5a-Epoxy- 17p-hydroxy-4,17- dimethyl-3-oxo- androstane-2a- carbonitnle. 

4. 4a 5a-Epoxy- 3,17p-dihydroxy- 4,17-dimethylandrost- 2^ne-20carbon.tn ******** 

5 4a,5a-Epoxy- 3,17p-dihydroxy-4,17- dimethylandrost-2- ene-2-carbon.tr,le 3,17-d.acetate. 

6 4a,5a-Epoxy- 17p-hydroxy-4- methyl-3- oxoandrostane-2a- carbonitnle. 

i. 4a,5a-Epoxy- 17-hydroxy-4-methyl3- oxo-17a-pregn-20-yne- 2a-carbonitrile. 
40 8. 4a,5a-Epoxy- 17-hydroxy-4-methyl- 3-oxo-17«-pregn-20-ene- 2a-carbonitnle. 
9 4ot,5a-Epoxy- 17-hydroxy-4- methyl-3-oxo-17a- pregnane-2a- carbonitnle. 

10. 4a,5a-Epoxy- 4-methyl-3,17- dioxoandrostane- 2a-carbonitnle. 

11. 4a,5a-Epoxy- 4-methyl-17.17- (1,2-ethylenedioxy)- 3-oxo-2o- carbonitrile. 
12 4ct,5a-Epoxy- 17a-hydroxy-6a- methyl3- oxoandrostane- 2a-carbonitrile. 

ar 13 4« 5«-Edoxv- 173-hvdroxy-4,6p- dimethyl-3- oxoandrostane- 2o- carbonitrile. 

S AprocessZ preparing a^mpound according to claim 1 or 2, which comprises subject^ 
compound ofthe Formufa II (herein) to (1) epoxidizing the 4,5-double bond with hyd W^ ^ 
. peracid and (2) cleaving the isoxazole ring with a base to produce the cyanoketone, the , reasons < ) and 

S being vcarried out in either order, whereby to produce a corresponding ™ m P°™?°ZZZ an i'/or the 50 
50 wherein R' is hydroxy and, if desired, producing a compound wherein R' is lower-alkanoyloxy and/or the w 
5 3-enol7owe" IbSe ester by reading the compound obtained with an acid halide or anhydnde. 
15 A orocess for preparing a compound according to claim 1 or 2, wh.ch compnses treating a com- 
pound X^JtoXrtn) witha base in order to cleave the isoxazole ring. »>^»P£» 3 
corresponding compound of Formula I wherein R' is hydroxy, and, rf desired, producing^ »d 55 
55 wherein R' is lower-alkanoyloxy and/or the 3-enol lower-alkanoate ester by reacting the compound 
obtained with an acid halide or acid anhydride. ..„,.. , nvoan£ jros- 

16. A process according to claim 14, for preparing 4a,5 a -17p- W™^™'™ *£* ^V^„ 
tane- 2a-carbonitrile, which comprises using 4,17-dimethylandrosta- 2,4-d.eno-f2,3-d]- .soxazol-17p-ol as 

oxoandrostane- 2a-carbonitrile, which comprises using 4am5a-epoxy-4,17- d.methylandrost- 2-eno [2.3 
dl- isoxazol-17p-ol as the starting compound. w«=^rihoH «uith 

18. A process for preparing a compound according to claim 1 , substantially as here.n described wrth 
reference to the Examples. . 1R eg 

65 19. A compound when prepared by the process according to any one of claims 14 to 18. 
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20. A composition for disrupting pregnancy in a female mammal, which comprises an interceptively 
effective amount of a compound according to any one of claims 1 to 13 and 19, incorporated in a 
pharmaceutical carrier suitable for oral administ ration. . 

21 . A compound according to claim 1 or a composition according to claim 20, substantially as herein 

5 described with reference to the Examples. 5 

22. A compound of the Formula 111 (herein), wherein: 
R is hydrogen or methyl; 

R' is hydroxy; 

R" is hydrogen, lower-alkyl, lower-alkenyl or lower-alkynyl; or R' and R" together represent oxo or 
10 ethylenedioxy; and 10 
R' ff is hydrogen or methyl; 

with the proviso that when R is hydrogen, R' w is a-methyl; and 
when R is methyl, R'" is hydrogen or p-methyl. 

23. 4a,5a-Epoxy- 4,17-dimethylandrost- 2-eno[2,3-d]- isoxazol-17- dimethylandrost-2- eno-[2,3-d]- 

15 isoxazol-17p- ol. 15 

24. 4a,5a-Epoxy- 4-methylandrost-2-eno- [2,3-d]-isoxazol-17p-ol. 

25. 4a,5a-Epoxy- 4-methylandrost-2-eno [2,3-d]- isozazol-17-one. 

26. 4a,5a-Epoxy-6a-methylandrost-2-eno-[2,3-d]-isoxazol-17p-ol. 

27. A process for preparing a compound according to claim 22, which comprises epoxidizing the 

20 double bond of a corresponding compound of Formula II with hydrogen perioxide or a peracid. 20 

28. A process for preparing a compound according to claim 22, substantially as herein described with 
reference to the Examples. 

29. A compound when produced by the process according to claim 27 or 28, 

30. A compound according to claim 22, substantially as herein described with reference to the Exam- 

25 Pies. 25 

31. 3-Methylandrosta-2,4- dieno-[2,3-d]- isoxazol-17-one. 

32. 4-Methyl-3,17- dioxoandrost-4- ene-2a-carbonitrile. 

33. 6a-Methylandrost-4- eno-[2,3-d]-isoxazol-17p-oi. 

34. 4-Methyl-17a- pregna-2,4-dien-20-yno- [2,3-d]- isoxazol-17-ol. 

30 35. A method for disrupting pregnancy in a female mammal, excluding humans, which comprises 30 
administering orally to said mammal, subsequent to implantation of a fertilized ovum in said mammal, an 
interceptively effective amount of a compound according to any one of claims 1 to 13 and 19. 
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